Background. While a social determinants of health perspective might lead to the hypothesis that higher economic achievements should be associated with better mental health, the evidence for adults is mixed and inconclusive. Aims. We test the role of wealth as a predictor of depressive symptoms controlling for a number of socio-demographic covariates, with a specific interest in gender-specific patterns. Methods.
Introduction
Mental health conditions including particularly depression are among the leading causes of disability and health burden (Richards 2011; Patel et al 2016) , have trended upwards for decades, and continue so to do (Murray and Lopez 1996; Moussavi et al 2007; WHO 2017) . The significant costs to society include not just personal suffering but also poor educational outcomes, low work performance, unemployment, increased risk of early pregnancy, family disruption and deterioration of physical health (Kessler 2012) . As a result, investments in the treatment of depression could yield substantial social returns , though only a minority of affected individuals currently receive adequate treatment (Thornicroft et al 2017) . These facts help to raise a number of important questions about the connection between economic status and depression and in this paper we particularly focus on two concerning the linearity and gendered nature of this relationship.
In the first place, and from a population health perspective, it is plausible to hypothesise that the relationship between economic status and mental conditions will be shaped by social determinants (Marmot 2005) and that economic hardship and stress related to socio-economic status are powerful drivers of mental illness (e.g. Ahnquist, Wamala and Lindstrom 2012) . Secondly, it has also been long known that there are significant differences in the incidence of mental illness between the sexes (Weissman and Klerman 1977; Kessler et al 1993) , with the greater susceptibility of females being confirmed in a number of cross-country studies (Hopcroft and Bradley 2007; Van de Velde, Bracke and Levecque 2010) .
1 Putting these two research findings together, it would be reasonable to hypothesise that improvements in socio-economic conditions might lead to reductions in depression albeit from different starting points for men and women. Yet, as we shall show in this paper, evidence from Mexico suggests that the relation between economic status and depression is more complicated than this.
While the evidence from systematic reviews by Reiss (2013) and Devenish, Hooley and Mellor (2017) indicates that higher economic status improves mental health for children and adolescents, for adults
the results are more open ended. A systematic review by Lund et al (2010) , for example, finds that the relation between poverty and mental disorders is strong when poverty is measured in terms of food insecurity, financial stress and housing, but 'more equivocal' (p. 517) when identified using income or consumption measures. Elsewhere, Zimmerman and Katon (2005) 
Data and Methods

Data and measures
In our empirical analysis, we use the 2012 wave of the Mexican 4 National Health and Nutrition Survey, a nationally representative survey which follows a stratified probabilistic sampling design which employs the national census as a sampling frame. The sample size for the health module for adults we draw upon (individuals aged 20+) consists of 44,618 observations. One randomly selected respondent per household was presented with a reduced version of the widely used Centre for Epidemiologic Studies Depression Scale (CES-D) in the revised form by Eaton et al (2004) . This is a battery of questions where each of them refers to the weekly frequency of occurrence of a depressive symptom (e.g. feeling oppressed, sad, being unable to sleep, etc.) -the options are "less than a day", 2 Similarly, Chiavegatto Filho et al. (2013) find that income is not a significant predictor for either depression or anxiety. Other studies finding no significant associations between mental health outcomes and customary economic indicators include Gianaros et al (2007) , Mendelson et al (2008) and McLaughlin et al (2012) . 3 The study by Das et al (2007 Das et al ( , 2008 covers five developing countries including Mexico, and finds no systematic association between consumption and depressive symptoms. Results for Mexico are especially relevant for this paper: the bottom quartile is significantly less susceptible than the second and third quartiles, but it is not different from the richest quartile (their dummy for the fourth quartile is not significantly different from the first quartile in one specification and different only at 10% in another specification, see Table 3 p. 474). This means that the incidence of depressive symptoms they find in Mexico peaks in the middle region of the economic spectrum.. 4 In Mexico the life-time prevalence of major depressive episodes has been found to be significantly higher for women than for men -respectively 10.4% and 5.4%, see Rafful et al (2002) .
"1-2 days", "3-4 days" and "5-7 days", and these are coded 1 to 4 respectively. Our dependent variable for depressive symptoms ranges from 0 to 7 and was generated as the count of items in which the respondent indicated either of the top two frequency categories -in other words, for each item a value of one is attributed to the "3-4 days" and "5-7 days" answers, zero otherwise, and these values are then summed. As the robustness checks indicate (see Appendix 1), our results are not sensitive to the way our outcome variable is constructed. It should be stressed that respondents' scores on the scale used do not define a diagnosis of illness.
We define economic status as household wealth. This is in keeping with Pollack et al (2007) , Laaksonen, Tarkiainen and Martikainen (2009) 
Analysis
The core analysis of the paper comprises a set of regression models in which wealth is the focal independent variable -with linear and quadratic wealth terms being used to detect non-linearities. To model the count of depressive symptoms experienced by the respondent we use negative binomial regressions as they allow for over-dispersion in the data and fit the data particularly well (see subsection 3.1). Whilst we see the interpretation of our dependent variable as 'count' and the adoption of negative binomial regressions as the most appropriate strategy for the analyses, robustness checks show that our main results do not depend on either of these choices (see Appendix 1). The regressions shown in the paper are generated using the standard nbreg STATA command, which estimates negative binomials with a log-link function (Rogers 1993) . Formally, the model to be estimated is:
( 1) 5 This information is summarised with principal components analysis by using the first eigen-vector from the correlation matrix of our indicators as weights for the construction of the index. As pointed out by Kolenikov and Angeles (2009) and Howe et al. (2012) running customary principal components analysis in the presence of numerous binary and cardinal variables (as in our data) may produce incorrect results. We therefore adopt the methodology proposed by Kolenikov and Angeles (2009) and we run PCA using polychoric correlations. For our wealth index, the first component was able to reproduce 40% of the original covariance matrix. Finally, it should be noted that financial assets are not included in our measure of wealth.
where the expected value of the number of depressive symptoms of individual i, given a series of covariates , is an exponential function of linear and quadratic (the economic status of individual ) and (a series of control variables). This model is applied first to the whole sample and then to the female and male subsamples separately, in order to test for genderbased heterogeneity in the predictive role of economic status. To further examine this possibility, we also interact wealth variables with the gender dummy. 6 Our control variables include sociodemographic characteristics, as well as the presence of other health problems or stressors which can affect the likelihood of depressive symptoms. These are gender, education, age, civil status, employment status, relative deprivation (RD), limitation in daily activities, chronic illnesses, the presence of other health problems, having been victim of violence and household size. Descriptive statistics can be found in Table 1 . 57% of our sample are women, around one in ten has no formal education, while 38%, 28% and 14% have completed, respectively, primary secondary and postsecondary education; 12% have university or postgraduate degrees. Mean age is around 44, mean household size is almost 4 and around half of our respondents are married.
[ Table 1 about here]
Results
The overall picture
For all the negative binomial regressions we estimated the over-dispersion parameter alpha is different from zero, supporting the choice of using the negative binomial model (Long and Freese 2014).
Furthermore, the negative binomial fits the distribution of the observed counts in depressive symptoms much better than its Poisson counterpart, as can be seen in Figure 1 .
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In the left panel of Figure 1 , a mismatch can be seen between the observed distribution of depressive symptoms and the predicted distribution by the Poisson model; by contrast, the negative binomial predicts well the probability of 0 and 1 depressive symptoms, and follows very closely the observed distribution for values larger than 1. The right panel of Figure 1 shows the correlation with these predictions, indicating that the predicted Poisson model has a correlation of 0.846 (p<0.001) whilst the negative binomial shows a much higher correlation (0.998, p<0.001) with the data.
[ Figure 1 about here] 6 In particular, analysis by subsamples enables us to see whether a certain pattern occurs within the subsamples or not, while the adoption of an interaction term in the pooled sample enables us to see whether there is a significant difference in the role of a certain predictor (in our case economic status) across the subsamples identified by the interacted variable (in our case the gender dummy).
The first set of regression results are reported in Table 2 . Specification 2 differs from specification 1 by including a quadratic term for wealth. While for wealth there is a significant negative coefficient in specification 1 (p<0.01), pointing to wealth as a negative predictor of depressive symptoms, this result changes with the addition of wealth squared. Linear wealth is positive while quadratic wealth is negative, both significant (p<0.01), suggesting an inverted-U relationship between mental health and economic status. Given the potential role of relative economic status (Eibner, Sturn and Gresenz, 2004 , Pabayo, Kawachi and Gilman 2013 and Mishra and Carleton 2015 , we run regressions 3 and 4 adding the Yitzhaki (1979) measure of relative deprivation (RD). As expected, RD has a positive and significant coefficient (p<0.01), confirming that lagging behind others in someone's social milieu is a risk factor for depressive symptoms.
Turning to absolute wealth, we see that in specification 3 this is not significant, which suggests that a simple measure of linear wealth is not a significant predictor of depressive symptoms when RD is controlled for. However, once quadratic wealth is added in specification 4 we again find strong [ Table 2 about here]
In Figure 2 , we illustrate graphically the relationship between wealth and depressive symptoms emerging from specification 4 (this is chosen as it is the best performing model, but figures derived from specification 2 are very similar). The left panel shows a clear inverted-U pattern for the predicted count of depressive symptoms at different levels of wealth. The right panel shows that over the large majority of the wealth domain marginal effects are statistically significant (confidence intervals do not overlap with the broken horizontal zero line), suggesting that in our data a marginal change in wealth is significantly associated with a change in depressive symptoms -a positive change in the lower part of the wealth distribution and a negative change in the upper part.
Depression, wealth and gender
We test whether the clear non-linear pattern described above holds across genders. In Table 3 we first split the sample into females and males (specifications 5-8) and then using the pooled sample we interact wealth and gender (specification 9). Looking at specifications 5-8, linear or quadratic wealth are never significant for males but are significant for females (p<0.01). The message from specifications 5-8 in Table 3 is clear and twofold: first, the quadratic pattern found for the pooled sample is in fact driven by the female subsample and, second, wealth is not a significant predictor for males.
[ Table 3 about here]
As we did in Figure 2 , we plot predicted count and marginal effects at different levels of wealth in [ Figure 3 about here]
Turning to regressors other than wealth, RD and gender, our estimations display a number of intuitive and reassuring pieces of evidence. As expected, health problems and limitations in daily activities are positive predictors of depressive symptoms, as is the case for age, household size and having been victim of violence (p<0.01), while education emerges as a protective factor (p<0.01). Civil statuses other than being married are also risk factors for females (p<0.01), whilst for males this is the case for statuses such as divorced and widowed (p<0.01) but not single and free union. A gender asymmetry also appears for the dummy variable denoting being employed, which is a negative predictor for males (p<0.01) but not for females.
Discussion
Our basic question was whether economic status and depression are associated and the evidence shows that this is the case but not in a simple linear or ungendered manner. The fact that rates of depression are higher for women than for men is well recognised in the literature, but the existence of a positive association between depression and economic status for women at the lower end of the income spectrum has received much less attention. Whilst the data do not enable a definitive identification of causes, we nevertheless discuss reasons for the inverted-U-shaped curve in gender by considering some possible drivers of our results.
Focusing on the positive relationship for women in the lower part of the income distribution, one possibility concerns the rise of risk factors associated with the development of multiple roles which might be poorly remunerated. Tacoli It also possible that women face different risk factors or react differently to such exposure -Cornaggia et al (2017) for example find that mental health was impacted less for women, by the financial crisis, compared with men. 8 It is known that women generally feel less safe walking around their local areas than men -assault and robbery have become significant features of everyday life in some parts of Mexico, Rios (2012) -and that exercise is a protective factor against depression (Perraton et al 2010) .
If increasing income for the poor is associated with women doing less physical work, and/or moving outside the house less, then it is possible that their differential reactions to such risk factors could be contributors to the patterns observed in our analyses.
It is important also to recognise the possibility that men and women may report symptoms on a different basis. Sigmon et al (2005) , for example, find experimental evidence that men report fewer symptoms compared with women when there is likely to be greater follow-up to responses about their own health. In other words, and for whatever reason, men can be, compared with women, relatively more willing to avoid interaction with clinicians. Even so, in the context of this national survey, which had no expressed therapeutic purpose, it seems unlikely that fear of possible clinical follow-up was a predominant factor driving response. 9 A related possibility derives from the possibility of intracultural differences. Bhugra (2003) , for instance, has shown that acculturation (as measured by language fluency) is positively related to the reporting of depressive symptoms and it is possible that women from the poorest households are in effect also less acculturated than others. Men from very poor households, by contrast, generally spend more time outside the house with other adults and so are less likely to suffer from low levels of acculturation.
Limits of the Study
Finally, it should be recognised that our analysis relies on aggregate household wealth and we are therefore unable to investigate intra-household allocation dynamics, or female and male wages or personal incomes. Our data are cross-sectional in nature and so we cannot make definitive statements about the implications for depression of a change in an individual's economic status. Another limitation of the investigation derives from the fact that, as acknowledged by Tsai (2014) , the CES-D scale may lead to an overestimation of depressive symptoms. That said, in Santor el al. (1995) , overestimation is related to the adoption of standard cut-offs in the CES-D scale, an issue which does not apply here given the series of robustness checks carried out.
8 The finding is interesting and could be a more substantive frame -women are more resilient -or a more methodological explanation -male responses are more sensitive to environmental changes. We thank an anonymous referee for raising the issue. 9 Men may well be more averse to seeking help for mental illness than women. This could help to explain higher self-reported rates for women but it is less easy to see how this could explain the non-linear pattern we observe for women but not for men.
Conclusion
In this paper we presented robust evidence of a highly significant non-linear relationship between wealth and depression for women, which differs from the mostly linear, but barely significant, relationship we found for men. We motivated our choice of negative binomial regression models for our main analysis on the basis of the characteristics of our data, but our findings are not driven by these modelling choices as the main results are fully confirmed by a number of checks based on alternative econometric models and specifications of the dependent variable. We discussed some possible explanations of our findings: three are substantive in character and one can be classed as methodological as it relates to a form of reporting bias.
While our data do not enable us to distinguish between these possible explanations or formally identify causality, we believe the paper is the first to show such a robust gender-based non-linearity in the relationship between economic status and depressive symptoms. The paper therefore confirms that the relationship between economic progress and depression is complex and mediated by sociodemographic characteristics. Further research that tests and enriches our findings, for example by using panel data, could be of significant value to policymakers and practitioners alike in understanding better who is at risk of depression and how these risks are related to improvements in standards of living.
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